Type 1 diabetes mellitus (T1D) is considered a risk factor associated with oral yeast infections. The aim of this study was to evaluate the yeast oral carriage (in saliva and mucosal surface) of children with T1D and potential relation with host factors, particularly the subset of CD4+ T cells. Yeasts were quantified and identified in stimulated saliva and in cheek mucosal swabs of 133 diabetic T1D and 72 healthy control subjects. Salivary lymphocytes were quantified using flow cytometry. The presence of yeasts in the oral cavity (60% of total patients) was not affected by diabetes, metabolic control, duration of the disease, salivary flow rate or saliva buffer capacity, by age, sex, place of residence, number of daily meals, consumption of sweets or frequency of tooth brushing. Candida albicans was the most prevalent yeast species, but a higher number of yeast species was isolated in nondiabetics. T1D children with HbA 1c ≤ 7.5 (metabolically controlled) presented higher number of CD4+ T salivary subsets when compared with the other groups of children (non-diabetic and nonmetabolically controlled) and also presented the highest number of individuals without oral yeast colonization. In conclusion, T1D does not predisposes for increased oral yeast colonization and a higher number of salivary CD4+T cells seems to result in the absence of oral colonization by yeasts.
Introduction
The human buccal cavity includes several microhabitats that are colonized by multiple microorganisms. This multiplicity of microbes, with important-recognized positive impacts in the oral health, reside on the surface of epithelial cells or dental materials and, ultimately, can infect the tissues underneath or even translocate into blood and be important agents of both local and systemic
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Mycology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com infectious diseases. 1 Most of these microbes are bacteria but fungi are also present as elements of the oral microbiota. 2, 3 Within the yeast oral community, though Candida albicans ranks first among the identified species other Candida nonalbicans and non-Candida yeasts have been identified. 2, 4 However, the presence of Candida species does not seem to be a mandatory indicator of disease; the ability to overcome host clearance mechanisms and to colonize surfaces may be, instead, pondered as a risk factor for oral infection. 5, 6 The colonization and the stability of the population of yeasts in the oral cavity occurs in the early months of life and seems to be associated with the use of pacifier, the eruption of the first teeth at age over 6 months, mother cooling the child's food by blowing, and mother cleaning the child's pacifier in her own mouth. 7 Type 1 diabetes mellitus (T1D) is an autoimmune disease caused by T-cell mediated destruction of the insulin producing pancreatic β cells, leading to chronic hyperglycaemia, 8 with Interleukin 17 (IL-17) pathway up regulation mentioned as a hallmark of human T1D. 9 This condition is recognised as leading factor to an increase susceptibility to infections, yeast infections included. Although some authors point the high levels of glucose as a considerable determinant cause to yeast colonization, 10 ,11 the mechanism is not consensual. 12 Candida species have been frequently isolated from the oral cavity of diabetics and numerous factors have been suggested to predispose to this particular oral colonization namely type, duration, degree of glycaemic control, salivary pH, and flow rate, [13] [14] [15] as well as immune cell function impairment 16 and denture wearing. 14 The immune response of mucosa to yeasts comprises different elements depending on whether it is in the oropharynx or vulvovaginal. While in the later case, the cell-mediated immunity have a small effect, in the oral cavity CD4+ T cells play an important protective role mediated by the production of IL-17 by Th17 cells, 17 considered essential to prevent the transition of C. albicans to an invasive phenotype. 18 Moreover, the high incidence of oropharyngeal candidiasis in patients with human immunodeficiency virus (HIV) infection showed a strong association with reduced CD4+ cell counts. 19 Nevertheless, some controversy remains in what regards the role of diabetes in the colonization of the oral cavity by yeasts. The global aim of this study was to evaluate whether, in T1D paediatric patients, yeast oral carriage is dependent on particular condition(s) inherent to this chronic disease. For this purpose, it was assessed the extent of yeast oral carriage and the biodiversity of the colonizing yeast populations. The results were associated with host factor enhancers, particularly the metabolic control and CD4+ T cells, the subset of leukocytes that has been related with the immune defence against C. albicans in the oral cavity.
Material and methods

Population and sample collection
The sample was obtained by convenience considering all the children attending to the Paediatric Hospital and that met with the pre-set criteria. This study was carried out in 133 type 1 diabetic (T1D) children and 72 nondiabetic healthy aged between 5 and 15 years old attending to the Unit of Paediatric Endocrinology (Paediatric Hospital, Coimbra Hospital and University Centre) and Dentistry Department (Faculty of Medicine, University of Coimbra). All ethical and legal requirements were fully met, with previous submission and agreement by the Ethic Committees of the participating institutions. Informed consent was obtained from the guardians together with the children's own assent to participate. Those wearing orthodontic devices or who received antibiotics, steroid therapy, or used antiseptic mouthwash during the prior three weeks were excluded from the study.
Data on demographic profile, duration, and glycemic control of T1D, oral hygiene, and dietary habits were assessed. The percentage of glycosylated hemoglobin (HbA 1c ) was determined using the Siemens/Bayer DCA 2000+ Analyzer. Diabetics were classified in two groups of metabolic control depending on the percentage of HbA 1c at the time of oral examination, those metabolically controlled with HbA 1c ≤ 7.5 and those with no metabolic control, with HbA 1c > 7.5.
Children were instructed not to eat or drink 2 hours preceding sample collection. First, children rinse one's mouth with water, and a swab was taken from predefined cheek mucosa points in a systematic way; then they swallowed all saliva and a paraffin wax pellet (CRT R Paraffin, Ivoclar Vivadent AG, Schaan, Liechtenstein) was given for chewing, during 3-5 min. The first minute volume of paraffin wax-stimulated saliva was wasted and the remaining spitted into a tube; this was recorded as a measure of saliva flow rate. Buffering capacity was determined using the CRT R Buffer (Ivoclar Vivadent AG, Schaan, Liechtenstein) test and coded in three categories (low, medium, high), according to the manufacturer's instructions. Samples that could not be immediately analyzed were preserved at −80
• C.
Salivary lymphocyte quantification
Flow cytometry was performed using a BD FACSCalibur 20 This procedure was not amenable due to sample's complexity, with epithelial cells, lymphocytes, and microorganisms. Hence it was decided to categorize, using monoclonal antibodies, the leukocytes subpopulations (as described above for CD4+) and then extrapolate to the lymphocyte plot.
Yeast isolation, quantification, and identification
Upon the arrival to laboratory, samples (50 or 100 µl) were spread onto Petri dishes with Sabouraud-chloramphenicol media and incubated at 30
• C during 48 hours. Yeast colonies were counted, and the total number of yeasts colonies was expressed as colony-forming units (cfu)/ml in the saliva and in cfu/swab in the mucosal samples. The yeasts were further isolated and identified. The identification procedure used was to sequence of D1/D2 fragment of the 26S. Total DNA was extracted from the yeast isolates using the isopropanol method, and the amplification of the D1/D2 regions of the 26S rDNA was achieved using the primers NL1 (5 -GCA TAT CAA TAA GCG GAG GAA AAG-3 ) and NL4 (5 -GGT CCG TGT TTC AAG ACG G-3 ), as described before. 21 The resulting amplicons were sequenced elsewhere and sequences were used to identify the yeasts by a BLAST-search (GenBank; www.ncbi.nlm.nih.gov). The data obtained with yeast load either in the saliva or in the mucosal surface was organized in five groups: no yeasts, very low yeast load (less than 10 cfu), low (11-100 cfu), high (101-999 cfu), and very high (more than 1000 cfu).
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (version 19.0, IBM SPSS Statistics) software. The significance level adopted for the study was 0.05. Differences between independent groups were evaluated with the Mann-Whitney test because the normality assumption did not hold in the analysed quantitative variables. The normality distribution was evaluated with Kolmogorov-Smirnov and Shapiro-Wilk tests. Biodiversity related to the yeast colonization was assessed using the Simpson Index (SI). This index was proposed in 1949 as a form to evaluate the diversity of species in an ecosystem and to facilitate comparisons of biodiversity between populations, as it is possible to compute a confidence interval. The existence or absence of overlapping between confidence intervals can then be employed as a form to assess the statistical meaning of the index values. 22 Therefore, the absence of overlapping between confidence intervals is equivalent of finding a P value less than the level of significance. The Simpson index can be considered as the predecessor of the Gini index and other related number that attempted to define diversity. 23 The Simpson index (at least the version employed in the study) is limited and ranges from 0 to 1, where 0 means no diversity and 1 the maximum of biodiversity. The zero value is obtained when just one species is present in the population. On the other hand, the more the species present the more the value of the Simpson index is closer to 1. The calculation of the Simpson index is straightforward and well explained in the original work. 22 Moreover, the confidence interval can also be determined allowing for direct comparisons between the intervals without the need to resort to statistical tests, as stated before.
Results
A total of 205 children were included in this study, 133 of them were T1D (average period since diagnosis of 5.2 ± 3.4 years), and 72 were healthy control children. More than half of the children were aged between 5 and 11 years old (53.2%). Among T1D children, 33.8% were considered metabolically controlled regarding HbA 1c levels, assuming a mean percentage value of 8.19 ± 1.42. The geographic area of provenience was predominantly rural, and the progenitors mainly had no higher education degree (Table 1) . Education level was found to be associated (χ 2 (2) = 20.563; P = .001) to the degree of metabolic control of T1D, the relationship was such that children with at least one parent having a university degree showed better metabolic control. Most of the children (83.7%) had a saliva production flow rate ≥1 ml/min, which was independent of the health status (non-diabetic vs. diabetic) (χ 2 (1) = 0.378; P = .539); similarly, the saliva buffer capacity showed no relation to the presence of diabetes (χ 2 (2) = 3.892; P = .143); the oral hygiene habits were similar in the two groups (χ 2 (2) = 5.894; P = .052), with the daily tooth brushing the most frequent. Overall, about 60% of the children presented yeasts in their oral cavity, either in saliva or mucosa or both ( Table 2 ). The yeast load in saliva was higher than on the mucosal samples, either in nondiabetic and diabetic children (Fig. 1) . It is worth mentioning that 12.8% of the diabetic children had a high yeast load in the mucosa (corresponding to 101-999 cfu/swab), especially in the subgroup of children with HbA 1c > 7.5 (11.3%) when compared with nondiabetic children, among which only 5.6% had 101-999 cfu/swab in the mucosa (Table 2) , although without any additional clinic symptoms of oral candidiasis. Factors like diabetes, the degree of metabolic control, age, sex, place of residence, the number of daily meals, frequency of consumption of sweets, frequency of tooth brushing, were not statistically relevant regarding the presence of yeasts in the two biological samples (Table 3) . Moreover, neither of the clinical subgroups on stimulated salivary flow rate or salivary buffer capacity affected the presence of yeasts in the saliva or attached to the mucosal surface. Furthermore, the duration of the disease revealed no impact on the oral yeasts, either salivary or mucosal ( Table 3) . The predominant yeast species among the studied children was C. albicans, accounting in T1D with 30.8% in the mucosa and 46.6% in the saliva, while in control subjects the frequency was of 33.3% and 44.4% in the mucosa and in the saliva, respectively. The Candida non-albicans and the non-Candida yeasts accounted for 11% of the total yeast isolates in mucosa and 14% in saliva. The highest biodiversity was obtained in saliva (11 different species vs 6 in the mucosal surface). The species colonizing the mucosal surface was not always the same isolated from saliva ( (Table 4) .
Lymphocytes were quantified in saliva, together with the subset of CD4+ T cells. Overall, diabetic children presented higher percentages of CD3+CD4+ salivary subsets, in particular those metabolically controlled when compared with controls (U = 3510; Z = −2.947; P = .003) (Fig. 2) . Moreover, the number of these lymphocytes, among the children that do not have yeasts in the oral cavity is different in the two groups (X 2 kw (2) = 12.35; P = .002): higher in the metabolically controlled group than in the nondiabetic group (P = .002) and in the children with HbA1c > 7.5 (P = .017) (Fig. 3) . In what regards oral C. albicans, the number of CD4+ T cells was not related with colonization by this species in any of the groups of patients, diabetics (U = 1378.0; Z = −1.810; P = .070) or nondiabetics (U = 402.5; Z = −0.928; P = .353). On the other hand, the number of CD4+ T cells is higher in children that are not colonized by yeasts than in children that have yeasts in the oral cavity, regardless of the group diabetics or non-diabetics, but not statistically significant (data not shown). 
Discussion
T1D has been considered as one of the major health conditions to favour the occurrence of yeast infections. 10 Nevertheless, controversial results have been published, leading us to study, in a sample of T1D children not older than 15 years, the yeast oral carriage, both in the saliva and in the mucosal surface. The assessment of the passive colonization of mucosal surfaces by yeasts is nowadays interpreted as a valuable biomarker to predict the potential of a high-risk patient to develop a future yeast infection. 24 Likewise, saliva is considered an important element of the innate immune protection against microbial overgrowth, 23 by mechanical and enzymatic processes, particularly against Candida. 17 In this work we studied the oral yeast carriage in healthy Portuguese children and in children with type I diabetes (T1D). In each group we quantified the oral yeasts, both in saliva and at the mucosal surface.
Regarding glycaemic control, most of T1D patients included in this study presented glycated hemoglobin (HbA 1c ) levels above 7.5 (HbA 1c > 7.5) meaning a poor rate of disease control. This is directly related to the increased occurrence of comorbidities. 25 The low rate of T1D control was characterized as being under the influence of the level of literacy of caregivers (P < .05), a result previously published by other authors. 26 Low salivary flow rates, usually described as being related to T1D and higher yeast colonization, was similar in diabetic and control children and fail to have correlation with the number of yeasts both in saliva and in the mucosal surface, as previously described. 27, 28 The previously reported oral yeast carriage rates ranges from 45 to 65% in healthy children. 29 Starr and colleagues in 2002 30 described that C. albicans accounted for 75-99% of all yeast isolates among healthy children (8-11 years) , constituting the only published data regarding Portuguese children. In the present study, about 40% of the children had no yeasts in saliva and 60% no yeasts in the mucosal surface. The oral hygiene habits of rural and urban children, bearing or not T1D, were not different, whereas the registered salivary biodiversity was abnormally higher in children with urban residency, either in diabetic or in control subjects, although C. albicans as the most prevalent yeast species. C. albicans is recognized as the yeast with the highest ability to efficiently colonize the host cells due to its adhesion properties and capacity of evading the immunity attack. 31 The registered occurrence of particular yeast species in rural areas can result from different dietary habits. Some of the isolated species are typically food yeasts, often found in Portuguese and Mediterranean typical gastronomy. 32 However, in the present study we found no correlation between oral hygiene or salivary flow rate and the absence of yeasts from mucosa or saliva. Overall, there were more T1D children not colonized by yeasts (saliva and mucosa) than control subjects, and nondiabetics had higher oral yeast diversity than diabetics. We believe that one explanation for this result is that individuals with chronic diseases, especially children, such as T1D, have currently better oral care due to the risk associated with infections. Additionally, our results showed that the less metabolically controlled diabetic children, when colonized by yeasts, exhibit a higher number of yeast cells in the oral mucosa, which might be explained by a higher concentration of glucose in fluids, influencing yeast overgrowth, attachment, and colonization of the oral mucosa and by the fact that while phagocytosis occurs at comparable levels in diabetic and nondiabetic, the killing of Candida by neutrophils in these individuals is impaired under conditions of hyperglycaemia and ketosis.
10,14 However, we did not detected clinical signs of augmented yeast infections among noncontrolled diabetic patients, with only two of the children evidencing oral candidiasis. The high prevalence of yeast oral infections described in diabetic adults seems to Figure 3 . Salivary CD3+CD4+ T cells in diabetic and nondiabetic children with no oral yeasts. The differences between groups were assessed using the Kruskal-Wallis test, which reveal meaningful differences that were further analysed between pairs of groups using with post hoc tests corrected for multiple comparisons.
be related to other factors such as smoking or the presence of dentures, 15 absent in children. As mentioned above, in the cell-mediated response of the oral mucosa, CD4+ T cells play an important protective role. 17 These cells are considered essential to prevent the transition of C. albicans to invasive phenotypes, 18 and the reduction on CD4+ T cells count leads to increased susceptibility to oropharyngeal candidiasis. 19 The same subpopulation of T cells is at the origin of T1D, with IL-17 playing a role has an effector of the disease. 9 In the present study we show, for the first time, that in the saliva of T1D children total lymphocytes and CD4+ T cells have increased levels. Previously, Honkanen and coworkers (2010) had described a higher CD4+ activation in the blood of T1D patients. 9 This lead to the hypothesis that augmented CD4+ subsets in saliva could result in a higher protection against C. albicans colonization, contributing to a lower number of diabetic children colonized by yeasts when compared with nondiabetics. We found no impact of CD4+ T cells in oral C. albicans colonization. Instead we describe that among children who are not colonized by yeasts the number of CD4+ T cells is higher in the metabolically controlled group of diabetics. In HIV-infected patients it was also described that lower CD4 cell counts constitutes a risk factor for oropharyngeal yeast colonization. 33 In summary, our results show that the most prevalent yeast species is C. albicans but clearly the yeast biodiversity associated with nondiabetic children is higher than that associated with T1D children. One of the most important conclusions of this work is that Type 1 Diabetes in children, per se, does not determines an increased oral yeast colonization or clinical signs of infection. We also show that a subset of CD4+ T cells in the saliva is increased in metabolically controlled diabetic children when compared with nondiabetic and noncontrolled T1D patients. Moreover, our results indicate that a high level of CD4+ T cells in the saliva determines the absence of yeasts colonizing the oral cavity. We believe that further insights in the immunological elements present in saliva, such as CD4+ T cells, will prove the value of it as a biomarker in T1D patients.
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